PATENT APPLICATION 



VESSEL SEALING WAVE JAW 

The present disclosure relates to hemostats or forceps used for open 
surgical procedures and laparoscopic surgical procedures. More particularly, the 
present disclosure relates to a fenestrated forceps having wave-like opposing jaws 
which can be used to apply purely mechanical clamping pressure to clamp, grasp 
and/or manipulate vascular tissue in an atraumatic fashion or to apply a combination 
of mechanical clamping pressure and electrosurgical current to cauterize, 
coagulate/desiccate and/or cut tissue. 

Technical Field 

A hemostat or forceps is a simple plier-lil<e tool which uses mechanical 
action between its jaws to constrict vessels and is commonly used in open surgical 
procedures to grasp, dissect and/or clamp tissue. Electrosurgical forceps are similar 
clamping devices which utilize both mechanical damping action and electrical 
energy to effect hemdstasis by heating the tissue and blood vessels to cause 
coagulation and/or cauterization. 

Over the last several decades, more and more surgeons are 
abandoning traditional open methods of gaining access to vital organs and body 
cavities in favor of endoscopes and laparoscopic instruments which access organs 
through small puncture-like incisions. However, due to space limitations surgeons 
can have difficulty suturing vessels or performing other traditional methods of 
controlling bleeding, e.g., clamping and/or tying-off transected blood vessels. 
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Electrosurgical -iWumefrts 
instead to control bleeding. 




and particularly plectn 




forceps can be used 



By utilizing an electrosurgical forceps, a surgeon can either cauterize, 
coagulate/desiccate and/or cut tissue and/or simply reduce or slow bleeding, by 



controlling the intensity, frequency and duration of the electrosurgical energy applied 
to the tissue. Generally, the electrical configuration of electrosurgical forceps can be 
categorized in two classifications: 1) monopolar electrosurgical forceps; and 2) 
bipolar electrosurgical forceps. 



clamping end effector and a remote patient retum electrode or pad which is typically 
attached extemally to the patient. When the electrosurgical energy is applied, the 
energy travels from the active electrode, to the surgical site, through the patient and 
to the retum electrode. See. e.g., U.S. Patent Nos. 4,416.276 and 4.416,277 the 
contents of which are incorporated herein by reference. 



electrodes which are disposed on the inner opposing surfaces of the end effectors 
and which are both electrically coupled to an electrosurgical generator. Each 
electrode is charged to a different electric potential. Since tissue is a conductor of 
electrical energy, when the effectors are utilized to grasp tissue therebetween, the 
electrical energy can be selectively transfenred through the tissue. 



Monopolar forceps utilize one active electrode associated with the 



Bipolar electrosurgical forceps utilize two generally opposing 



Numerous mechanical and electrosurgical forceps designs have been 
proposed in the past for various open surgical procedures and laparoscopic surgical 
procedures. Some of these designs may not provide adequate clamping pressure 



and/or may GausSRdtt^ trauma to the tissue during^EHpuiatie^, clamping and/or 
coagulation. For example, U.S. Patent No. 2,518.994 to Miller, U.S. Patent No. 
3.404,677 to Springer and U.S. Patent No. 5,263,967 to Lyons, III et al. all disclose 
purely mechanical forceps which have serated edges or teeth on their respective 
undersurfaces for grasping and clamping tissue. These structures may have a 
traumatic effect on delicate tissue. Likewise, U.S. Patent Nos. 5.674,220 to Fox et 
al. and U.S. Patent No. 5,217,460 to Knoepfler both disclose electrosurgical forceps 
which also utilize teeth to grasp the tissue and, as a result, may also have a similar 
traumatic effect on delicate tissue. 

Thus, a need exists to develop a forceps which can be utilized 
effectively without causing needless trauma to tubular vessels or delicate tissues. 
Preferably, the forceps . can be used for both mechanical clamping, grasping and 
dissecting as well as electrosurgical sealing, coagulation/desiccating and/or cutting 
of tissue. 



SUMMARY 

The present disclosure relates to a forceps which includes a shaft 
portion having a proximal end, a distal end and first and second jaw members 
pivotally attached to the. distal end of the shaft by a pivot assembly. Each of the jaw 
members includes an opposing inner facing surface having a plurality of wave forms 
disposed thereon which are capable of engaging tissue therebetween. The plurality 
of wave fonns disposed on the inner facing surface of the second jaw member are 
complimentary to the plurality of wave forms disposed on the inner facing surface of 



the first jaw FftefBjj^ The forceps also includes a hjjjje^portion attached to the 
proximal end of the shaft. The handle portion includes an activator assembly 
disposed therein for imparting movement of the first and second jaw members from 
a first open position wherein the jaw members are disposed in spaced relation 
relative to one another to a second clamping position wherein the jaw members 
cooperate to grasp tissue therebetween. 

In one embodiment, the inner facing surfaces of each jaw member 
include a fenestrated portion disposed therethrough. Preferably, the fenestrated 
portion of the first jaw member is aligned with the fenestrated portion of the second 
jaw member. 

In another embodiment, the wave forms of the first jaw member include 
clamping portions and manipulating portions and the wave fomis of the second jaw 
member include complimentary clamping and manipulating portions. Preferably, the 
plurality of wave forms of each jaw member are longitudinally, transversely and/or 
both longitudinally and transversely disposed on the inner facing surface of each jaw 
member. 

In yet another embodiment, the manipulating portions of the jaw 
members include a plurality of teeth which are filleted or rounded to reduce trauma 
to the tissue. Preferably, the clamping portion of each of the jaw members is wide 
relative to the manipulating portion to facilitate dissection. 



The forceps rnaj^_be^bipolar with each of the inner facing surfaces of 
/Ihe jaw members including an electrode which is connected to a source of' electrical 
energy. The wave forms of the first jaw member include coagulating portions and 
manipulating portions and the wave forms of the second jaw member include 
\ complimentary coagulating and manipulating portions. The source of electrical 
/ energy imparts different electrical potentials to each of the electrodes such that the 
- electrodes are capable of conducting bipolar energy through the tissue held between 
the inner facing surfaces of the jaw members. It is also contemplated that a portion 
of the inner facing surfaces of each jaw member is non-conductive and/or semi- 
conductive (i.e., only certain portions of the surface are conductive) to control and/or 
eliminate current densities at specific jaw locations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is .a perspective view of a forceps according to the present 

disclosure. 

Fig, 2 is an enlarged, side view of a pair of jaw members of the forceps 
of Fig. 1 shown in closed configuration; 

Fig. 3 is an enlarged, side view of a pair of jaw members of the forceps 
of Fig. 1 shown in open configuration; 



4 ^ upp^-r 
Fig. an enlarged, side view of the ef jaw member of Fig. 3 

showing a plurality of clamping and manipulating wave portions disposed along an 

inner facing surface thereof; 

Fig. 5 is an enlarged, top view of the upper jaw member of Fig. 3 
showing a fenestrated portion disposed therethrough; 

Fig. 6 is an enlarged, bottom view of the upper jaw member of Fig. 3 
showing the undulating wave fomis disposed on the inner facing surface of the 
upper jaw member of Fig. 3; 

Fig. 7 is an enlarged, side view of the lower jaw member of Fig. 3 
showing a plurality of clamping and manipulating wave portions disposed along an 
inner facing surface thereof; 

Fig. 8 is an enlarged, top view of the lower jaw member of Fig. 3 
showing a fenestrated portion disposed therethrough; 

Fig. 9 is an enlarged, bottom view of the lower jaw member of Fig. 3 
showing the undulating wave fonns disposed on the inner facing surface of the lower 
jaw member which compliment the wave forms of the upper jaw member; 

Fig. 10 is an enlarged, bottom view of another embodiment of. the 
present disclosure showing a plurality of wave forms disposed both longitudinally 
and transversely along the inner facing surface of the upper jaw member; 



Fig 




an enlarged, bottom view of 



complimentary lower jaw 



-Hie. 



member of Fig. 10; 

Fig. 12 is an enlarged, bottom view of another embodiment of the 
present disclosure showing a plurality of wave fomis disposed transversely along the 
inner facing surface of the upper jaw member; 

Fig. 13a is an enlarged, frontal view in cross-section taken along line 
13a-13aof Fig. 12; 

Fig. 13b is an enlarged, frontal view in cross-section of another 
embodiment of the present disclosure showing an alternative transverse wave 
pattem disposed along the inner facing surface of the upper jaw member. 

Fig. 14 is an enlarged, bottom view of another embodiment of the 
present disclosure showing a plurality of wave fomris disposed longitudinally along 
the inner facing surface of the upper jaw member; 

Fig. 15 is an enlarged, perspective view of another embodiment of the 
present disclosure showing the upper jaw member having electrodes disposed on 
the Inner facing surface of the upper jaw member; 

Fig. 16 is a side viiew showing two jaw members in open configuration 
prior to engagement about a tubular vessel; and 



Fig. 17 is a side view showing the two jaw members of Fig. 16 In 
closed configuration about a tubular vessel. 



pgivtft^lEscRrpTOr? of the prefefJ^ embodiments 

Referring now to Fig. 1, a forceps 10 for use with open and/or 
laparoscopic surgical procedures includes an elongated shaft portion 12 haying a 
proximal end 16 and a distal end 14. An end effector assembly 22 is attached to the 
distal end 14 of shaft 12 and includes a pair of opposing jaw members 40 and 42. 
Preferably, a handle portion 18 is attached to the proximal end 16 of shaft 12 and 
includes an activator assembly 20 for imparting movement of the jaw members 40 
and 42 from an open position wherein the jaw members 40, 42 are disposed in 
spaced relation relative to one another, to a clamping or closed position wherein the 
jaw members 40, 42 cooperate to grasp tissue 51 therebetween. 
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Activator assembly 20 includes a movable handle 26 having an 
aperture 34 defined therein for receiving at least one of the operator's fingers and a 
fixed handle 28 having an aperture 32 defined therein for receiving an operator's 
thumb. Movable handle 26 is selectively moveable from a first position relative to 
fixed handle 28 to a second position in closer proximity to the fixed handle 28 to 
close jaw members 40, 42. Preferably, fixed handle 28 includes a channel 27 which 
extends proximally for receiving a ratchet 30 which is coupled to movable handle 26. 
This structure allows for progressive closure of end effector assembly 22 as well as 
locking engagement of opposing jaw members 40, 42. 

In some cases.it may be preferable to include other mechanism's to 
control and/or limit the movement of handle 26 relative to handle 28 such as, e.g., 
hydraulic, semi-hydraulic and/or gearing systems. 
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Handle portion 18 may also include a rotation knob 24 for controlling 
the rotational movement of the end effector assembly 22 about a longitudinal axis 
"A" of the elongated shaft 12. Preferably, the ratio of rotation of the knob 24 to the 
end effector assembly 22 is 1:1, however, it is contemplated that gearing stmcture 
may be incorporated to increase or decrease the rotational ratio depending upon a 
particular purpose. 

Figs. 2 and 3 show enlarged views of the end effector 22 which 
includes a first or upper jaw member 40 and a second or lower jaw member 42 
which are disposed in opposing relation about pivot assembly 43. End effector 22 
also includes a pivot housing 41 and a rod 45 having a coupler 46 which matingly 
engages the distal end 14 of shaft 12. The pivot assembly 43 includes a first pivot 
portion 44a attached to the upper jaw member 40 and a second pivot portion 44b 
attached to the lower jaw member 42 which are each affixed to the pivot housing 41 
by pins 47a and 47b, respectively: As explained in detail above, movement of 
handle 26 effects movement of the jaw members 40, 42 about the pin assembly 43 
from an open position (Fig. 3) to a closed position (Fig. 2). 

Each jaw member 40, 42 includes a plurality of wave forms disposed 
along its inner facing surface which cooperate to engage tissue 51 therebetween. 
Preferably, each jaw member 40 and 42 includes clamping wave portions 48a and 
48b and manipulating wave portions 52a and 52b, respectively (Fig. 3). The 



clamping and-mai^pattt^ wave portions 48b, 58b, f^^potivel^, disposed on the 
inner facing surface of the lower jaw member 42 are complimentary (out of phase) to 
the clamping and manipulating wave portions 48a, 58a. respectively, of the upper 
jaw member 40 thus, the upper and lower jaws interfit in the closed position (Fig. 2). 



In one embodiment of the present disclosure, the clamping wave 
portions 48a, 48b are disposed along a proximal portion of each jaw member's 40. 
42 length and the manipulating wave portions 52a. 52b are tapered at or about step 
53a, 53b to facilitate dissection. In some cases, however, it may be preferable to 
adjust the length of the clamping wave portions 48a, 48b relative to the manipulating 
wave portions 53a. 53b to suit a particular purpose. Preferably, the radius of 
curvature of the clamping wave portions 48a. 48b is greater than the radius of 
curvature of the manipulating wave portions 52a, 52b. More particularly, the 
manipulating wave portions 52a, 52b preferably include a plurality of small peaks 
55a and 55b which facilitate dissection and delicate positioning of tissue. The 
clamping wave portions 48a, 48b, on the other hand, preferably include larger, more 
undulating, wave patterns to improve atraumatic grasping of large stnjctures arid to 
increase surface area contact. In another embodiment of the present disclosure, the 
small peaks 55a, 55b. are filleted to reduce trauma to the tissue 51. It is also 
envisioned that by filleting peaks 55a, 55b and the areas between successive peaks 
55a, 55b, areas of high cunrent densities which typically occur at or along sharp 
edges/points and which may cause tissue damage, e.g., tissue sticking and charring, 
will be reduced. 

Figs. 4-9 show enlarged views of the jaw members 40, 42 of the 
present disclosure. More particularly, Figs. 4-6 show upper jaw member 40 which 
includes clamping wave portions 48a and manipulating wave portions 52a which 
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extend in a longituomal fashion along the inner facin^urface of jaw member 40. 
Likewise, Figs. 7-9 show lower jaw member 42 which includes complimentary 
clamping wave portions 48b and manipulating wave portions 52b which also extend 
in a longitudinal fashion along the inner facing surface jaw member 42. 

Jaw members 40, 42 also include apertures 57a and 57b, respectively, 
and slots or cams 59a and 59b which are each disposed within respective pivot 
portions 44a and 44b and mount jaw members 40, 42 about pivot pins 47a and 47b, 
respectively to pivot housing 41 (see Figs. 2 and 3). Preferably, slots 59a, 59b 
effect opposing linear movement of the jaw members 40, 42 about pins 47a, 47b. 
However, in some cases it may be preferable to manufacture slots or cams 59a, 59b 
with a different shape, e.g., hamaonic, parabolic and/or cycloidal, to move the jaw 
members 40, 42 in a different and/or more prescribed manner. 

As seen best in Figs. 5, 6, 8 and 9 each jaw member 40, 42 also 
includes an elongated* fenestration 58a, 58b disposed therethrough which is 
preferably dimensioned about the same length as the clamping wave portion 48a, 
48b of each jaw member 40, 42. It is envisioned that when tissue 51 is grasped 
between clamping wave portions 48a, 48b, the fenestration feature of the jaw 
members 40, 42 will cause the tissue 51 to inundate fenestrations 58a, 58b thus 
providing better atraumatic holding/grasping of the tissue 51 . 

Figs. 6 and 9 illustrate one possible wave pattern for the opposing 
inner facing surfaces of the upper jaw member 40 and the lower jaw member 42, 
respectively^. It is envisioned that any plurality of wave pattems can be utilized 
depending upon a particular purpose. For example, with this embodiment, the wave 
pattern includes clamping wave portions 48a, 48b which run longitudinally along 
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either side of 4en^pt(eft^58a, 58b and manipulatin^^p/^ portions which also mn 
longitudinally from step 53a, 53b to the distal end of each jaw member 40, 42. It is 
envisioned that providing wave pattems on the clamping wave portion 48a, 48b of 
the inner facing surfaces of the Jaw members 40, 42 will require more of the tissue 
51 to circumnavigate these waves/curves thus providing better grasping power of 
the tissue 51. In addition, the fenestration feature will also require the tissue 51 to 
inundate the fenestrations 58a, 58b causing the tissue 51 to hold on an additional or 
second plane. 

Figs. 10-1 3b show other wave patterns which can be formed on the 
inner facing surfaces of the jaw members 40, 42. For example, Figs. 10 and 11 
show a plurality of fenestrations 158a disposed along the inner facing surfaces of 
each jaw member 40, 42 and the wave pattem includes both longitudinally disposed 
clamping wave portions 148a. 148b and transversely disposed wave portions 160a, 
162a and 160b, 162b. More particularly, the clamping wave portions 148a, 148b run 
longitudinally along either side of the plurality of fenestrations 158a, 158b and the 
manipulating wave portions 152a, 152b run longitudinally from step 153a, 153b to 
the distal end of each jaw member 140, 142. Wave pattems 160a, 160b run 
transversely between fenestrations 158a, 158b and wave pattems 162a, 162b run 
transversely at either end of the plurality of fenestrations 158a, 158b. 

Figs. 12, 13a and 13b show yet other possible wave patterns which 
can be employed along the inner facing surfaces of the jaw members. For 
illustrative purposes, the upper jaw member 240 is shown but it is envisioned that 
the lower jaw member of this embodiment is simply complimentary to the upper jaw 
member 240. Figs. 1.2 and 13a show clamping wave portions 248ai having a 
transverse wave pattern (a wave patteiti which extends axlally across upper jaw 
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member 240) disposed on either side of fenestration 258a. Fig. 13b shows another 
possible transverse wave pattern for the clamping wave portions 248a2 along the 
inner facing surface of the upper jaw member 240. It is envisioned that all of the 
these wave patterns and accompanying fenestrations will provide better atraumatic 
grasping of the tissue 51 along the various planes and some wave pattems may be 
better suited for particular purposes. 

Fig. 14 shows a forceps 310 having yet another wave pattem 
employed along the inner facing surfaces of the jaw members. Clamping wave 
portion 348a includes a longitudinal wave pattern generally disposed across the 
inner facing surface of the jaw member 340 and manipulating wave portion 352a 
extending from step 353a to the distal end of upper jaw member 340. In this 
embodiment, the fenestration feature is not included. 

Figs. 15-17 illustrate a bipolar forceps 410 according to the present 
disclosure which includes a plurality of coagulating wave portions 448a, 448b and a 
plurality of manipulating wave portions 452a, 452b disposed along the inner facing 
surface of each jaw member 440, 442. Preferably, the forceps also includes at least 
one electrode 449a, 449b disposed on the inner facing surface of each jaw member 
440, 442 and at least one fenestration 458a, 458b disposed through each jaw 
member 440, 442. As mentioned above with the other embodiments of the present 
disclosure, it is envisioned that the fenestration feature of the jaw members 440, 442 
causes the tissue 51 to inundate fenestrations 458a, 458b providing better 
atraumatic holding/grasping of the tissue. It is envisioned that one or perhaps 
several of the aforedescribed wave pattems may also be used to improve vessel 
sealing and/or coagulation with this particular embodiment of the present disclosure. 
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For -ti^^urposeL herein the term is defined as a process 

of desiccating tissue wherein the tissue cells are mptured and dried. Vessel sealing 
is defined as the process of liquefying the collagen in the tissue so that it crosslinks 
and reforms into a fused mass. 

As best seen in Figs. 16 and 17, each electrode 449a, 449b is 
electrically coupled to an electrosurgical generator 70 by a cable 468a, 468b, 
respectively. The generator 70 imparts different electrical potentials to each 
electrode 449a, 449b and since tissue 51 is a conductor of electrical energy, when 
the upper and lower jaw members, 440, 442, respectively, grasp tissue 51 
therebetween, the electrical energy is transfered through the tissue 51. By 
controlling the intensity, frequency and duration of the electrosurgical energy applied 
to the tissue 51, and, to a certain extent, by controlling the mechanical clamping 
pressure applied to the tissue 51 , the surgeon can either cauterize, 
coagulate/desiccate and/or cut tissue and/or simply reduce or slow bleeding. 

The electrodes 449a, 449b are disposed along the coagulating wave 
portions 448a, 448b of the jaw members 440, 442 and are generally shaped 
according to the contours and undulating patterns of the coagulating wave portions 
448a, 448b. Preferably; portions of the inner facing surfaces of each jaw member 
440, 442 are non-conductive and/or semi-conductive to control or eliminate 
undesirable current densities which may convene at these locations. For example, 
an insulative coating could be applied to the small peaks 455a. 455b to reduce the 
possibility of electrical shorting when the forceps 410 is sealing/coagulating tissufe 51 
grasped in the coagulating wave portions 448a, 448b of the jaw members 440, 442. 
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Moreover, variousifl^al^alloys could be employed to ai^on-stick characteristics to 
the bipolar forceps 410. 



In addition to rendering the forceps 410 atraumatic and improving its 
overall grasping features by the provision of fenestrations and various wave patterns 
disposed along the inner facing surfaces of the jaw members 440, 442, the wave 
features of the forceps 410 increase the overall surface area for welding vessels and 
other anatomical structures which is believed to provide superior tissue sealing 
effects. 



In use, the surgeon manipulates handle 26 to advance the activator 
assembly 20 and move jaw members 440. 442 to the open position wherein the jaw 
members 440, 442 are disposed in spaced relation relative to one another to receive 
tissue 51 therebetween. The surgeon then manipulates handle 26 to impart 
movement of the jaw members 440, 442 about pivot portions 444a, 444b to close 
the inner facing surfaces of the jaw members 440, 442 about tissue 51 . 

Depending upon the surgeons particular purpose, the surgeon can 
close either the coagulating wave portions 448a, 448b and/or the manipulating wave 
portions 452a, 452b about the tissue 51 to coagulate/seal/cut and/or delicately 
manipulate the tissue 5t. If the surgeon's purpose is to coagulate/seal/c.ut the tissue 
51 , then after the jaw members 440, 442 are closed about the tissue 51 , the surgeon 
then applies electrosurgical energy to the tissue 51 , By controlling the intensity, 
frequency and duration of the electrosurgical energy applied to the tissue 51, the 
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surgeon can -eit^J^cauterize, coagulate/desiccate jJ^cut tissue and/or simply 



reduce or slow bleeding. 



A/or- 



From the foregoing and with reference to the various figure drawings, 
those skilled in the art will appreciate that certain modifications can also be made to 
the present disclosure without departing from the scope of the present disclosure. 
For example, it is envisioned that various longitudinal, transverse wave patterns can 
be formed on the jaw members depending upon a particular purpose. In addition, 
the shape and size of the fenestrations may also be altered to meet a particular 
purpose. 

Although it is preferable to form the upper and lower jaw members 
such that they are complimentary and intermesh with one another, in some cases it 
may be preferable to include non-complimentary portions depending upon a 
particular purpose. Moreover, it may be preferable to offset the upper jaw member 
fenestrations from the lower jaw member fenestrations. 

Although it is preferable to vertically align the electrodes on the bipolar 
version of the forceps, in some cases it may be preferable to offset the opposing 
electrodes relative to one another either longitudinally or transversely to suit a 
particular purpose. 

In addition, it may be preferable to add other features to the forceps of 
the present disclosure, e.g., an articulating assembly to axially displace the end 
effector assembly relative to the elongated shaft. 
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Therq have been described and jiustrated herein several 
embodiments of a forceps having wave-like opposing jaws for clamping, grasping, 
manipulating, cauterizing, coagulating/desiccating and/or cutting vascular tissue in 
an atraumatic fashion. While particular embodiments of the disclosure have been 
described, it is not intended that the disclosure be limited thereto, as it is intended 
that the disclosure be as broad in scope as the art will allow and that the 
specification be read likewise. Therefore, the above description should not be 
construed as limiting, but merely as exemplications of preferred embodiments. 
Those skilled in the art will envision other modifications within the scope and spirit of 
the claims appended hereto. 
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